houses where various amounts of organic substances had been applied. With these data, the rate of CO2 evolution and the number of exchanges during the night were estimated for each greenhouse, the effects of the soil organic matters on the CO2 environment in greenhouse, and CO2 assimilation and yield in strawberry were investigated. The soil carbon content was higher in greenhouses,
where a large amount of organic substances had been applied over a long period, compared to greenhouses where lesser amounts were applied. The rate of CO2 evolution from the soil was positively related to the total carbon content of the soil: the CO2 in the aerial environment increased with the high rate of CO2 evolution, especially in greenhouses with low ceilings and a small number of atmospheric exchanges.
In greenhouses where strawberry plants were grown with nutrient film technique and no organic substance was applied, the rate of CO2 evolution was low. The light conversion efficiency and the net amount of CO2 assimilated in the morning increased with the increases in the rate of CO2 evolution and maximum CO2 concentration before sunrise.
There was also a significant correlation between the soil carbon content and commercial yield. and Yasuda, 1977; Sakamoto and Yoshida, 1988; Sakamoto and Oba, 1991; Seto et al., 1978) . Kawashima (1991) reported that supplemental CO2 enrichment increased strawberry yield. In many other greenhouse or field grown crops, the supplemental CO2 has increased yield (Kawashima et al., 1993; Kimball, 1983; Mortensen, 1987) . Montieth et al. (1964) reported that the soil supplied 20% of the total carbon assimilated by some field crops. The CO2 derived from the decomposition of soil organ- , 1981; Mizuta and Wakayakma, 1977; Okamura et al., 1977; Tanaka and Mizuta, 1976 Estimation of the rate of CO2 evolution and the number of exchanges
The CO2 concetration (kt: ml-CO2•m-3-air) in a structure at a certain time (t: hr) was calculated by the following equation: x -nH (kt -ka) = {x --nH (ko-ka)}e-nt
The unknown x and n of equation (2) , 1978; Kato, 1988; Oda, 1975; Miura, 1983) or the theoretical simulation (Uchijima, 1971) , and with some exception theoretical curves fitted well. However, our maximum values observed before sunrise were considerably larger than those in the previous reports. In greenhouse B, where soil carbon content was 3.1% , the estimated value of CO2 evolution was twice that in G where carbon content was only 1.8% at the beginning of heat insulation ( Fig. la and c) . soil carbon content and the rate of CO2 evolution (Fig. 3) . Yabuki and Aoki (1977, 1979) reported that the soil respiration increased for several months with the increase in the amount of applied rice straw. Likewise, Kanamori and Yasuda (1977) , Oda (1975) Table 2 . In greenhouse A and C, where both the rate of CO2 evolution and the maximum CO2 concentration before sunrise were high, the light conversion efficiency were significantly higher than those in the other greenhouses.
There are highly significant correlation between the light conversion efficiency and the rate of CO2 evolution and the maximum CO2 concentration, when 47 observations from December to March were plotted (Table 3 ). The estimated net CO2 assimilated varied considerably even within each greenhouse, probably due to the daily differences in the cumulative light energy. Therefore, the relationships were less significant, in the case of net assimilation rates. Furthermore, the CO2 concentration in greenhouses sometimes decreased below the outside level (Fig. 1) Table  2 . Differences in environmental conditions, estimated amount of assimilated CO2 from sunrise to 10 : 00 and light conversion efficiency (plant assimilation/light energy) within 4 greenhouses (A, B, C and G, see Table 1 ) on January 1993. Yabuki and Aoki (1977) reported that the soil 'respiration' increased proportional to the amount of rice straw applied over several months.
From the results of this study, we could not conclude how organic matters act as carbon sources for soil 'respiration' that is proportional to the level of soil biomass (Sakamoto and Yoshida, 1988) . It is necessary to investigate the effect of freshly applied and accumulated organic substances on the long term soil respiration and microorganism activity. However, the level of accumulated organic matters, analyzed before the application of organic substances or after the flash of CO2 evolution from cultivated soil, may be a suitable index for the assessment of the potential CO2 supply or soil productivity.
We conclude from our findings that applied organic substances as a source of carbon substrate for soil organisms is a significant factor to be considered in forcing strawberry production. 
